The great white shark is a cosmopolitan temperate marine species which is rare in Argentina, Uru guay, and Brazil today. Several publications include the white shark as inhabiting Patagonian waters. However, there is no recent or fossil record of the white shark south of S 38° 30' in the southwestern Atlantic. A tooth found in Quaternary sediments at Pehuencó (S 38° 56'), southern Buenos Aires province, is the southernmost occurrence of the species in the southwestern Atlantic. The occurrence of C. carcharías in the Buenos Aires province is another confirmation that the Argentine biogeographic province extends to the south of the Rio de la Plata. The present extremely scarce record indicates that there are not permanent living populations in the South American Atlantic coast but occasional transient individuals. However, the abundant fossil and archaeo logical record suggests that it was much more common in southwestern Atlantic during the late Pleistocene and Holocene than today. This drop in abundance is here mostly attributed to the massive extermination of pinnipeds and cetaceans during the XIXth and XXth centuries. Patagonian waters, where marine mammals are relatively abundant even today, might be too cold for the species which is mostly encountered between 15-23°C. Besides, another important predator, the killer whale, which also feeds on marine mammals, is frequently found in these waters. Consequently, available evidence suggests that unrestricted hunting of pinnipeds and cetaceans also decimated another animal, a fish.
INTRODUCTION
Carcharodon carcharías is a large, predatory shark that has a cosmopolitan distribution throughout temperate seas and oceans and occa sionally penetrates tropical zones (Fergusson, 1996; Compagno, 2001;  Fig. 1 ). In the present southwestern Atlantic coasts, C. carcharías has been reported on few occasions (Siccardi et al., 1981; Gadig & Rosa, 1996; Soto et al., 1998) al though it has been considered to occupy shelf waters from northern Brazil to southern Patagonia (Compagno, 2001;  Fig. 3 ). Soto et al. (1998) mention that the white shark is known as "puntudo" in Argentina. How ever, the white shark is so rare in Argentinean coasts that it has no vernacular name (see Menni et al., 1984) . In sheer contrast with its present rarity, teeth of C. carcharías were frequently found in Pleistocene and Holocene marine beds Compagno (2001) . In shadows the world distribution of the species is shown, whereas 1 (California), 2 (South Africa) and 3 (Great Australian Bight) indicate sites where it is more abundant. and archaeological sites in Brazil and Argentina (see below). This fossil abundance also contrasts with the comparatively few records of other Pleistocene and Holocene marine fishes in south ern South America (see Perea & Ubilla, 1981; Tonni & Cione, 1984; Richter, 1987; Cione & Torno, 1988; Arratia & Cione, 1996; Gadig & Rosa, 1996; Pardiñas etal., 1996; Martinez etal., 1998) .
At present, scientists are often preoccupied with biodiversity and its conservation, and Carcharodon cardiarias is currently protected in many countries (see below). Consequently, un derstanding of the causes that provoked the im portant drop in the white shark abundance in the area, may help in protecting this fish in other regions of the world.
In this paper, the present dearth of C. carcharías in the southwestern Atlantic in com parison with its Pleistocene and Holocene abun dance is discussed and its southernmost distri bution is commented on.
FOSSIL AND ARCHAEOLOGICAL RECORD
OF CARCHARODON CARCHARIAS IN SOUTHERN SOUTH AMERICA Frenguelli (1920 Frenguelli ( , 1922 reported the finding of one tooth of Carcharodon rondeleti (= Carcharodon carcharías) from the top of the Paraná Formation (formerly named "Entrerriense;" early Tortonian, late Miocene, Entre Ríos; Cione et al., 2000; Fig. 3). The material was not preserved but additional teeth are under study by one of us (ALC) at present.
Teeth of C. carcharías are fairly abundant in the Pliocene of Chile and Perú (de Muizon & DeVries, 1985; Long, 1993; Suárez & Brito, 2000; Walsh & Hume, 2001; Fig. 3 ).
In the Estado do Rio Grande do Sul (Brazil), several teeth coming from undetermined Qua ternary beds were reported from two localities (Richter, 1987; Sekiguchi, 1994) .
In Argentina, Ameghino (1898:243) named (but not depicted) a new species, Carcharías pampeanus, from the "Belgranense, Pampeano done & Baria: Current and present distribution of white shark 177 medio de La Plata". The short description ("Carcharías pampeanus Ameghino con dientes en forma de triángulo isósceles perfecto, de 3 cm de alto por 2 de ancho, de cara interna muy convexa, la externa plana y los bordes dentellados en toda su extensión, con dientecillos muy gruesos..") agrees in size and the coarse serra tions with the teeth of C. carcharías (see Cione, 1983) . However, the original material was not found in the museums where Ameghino worked. The beds assigned to the "Belgranense" are at present correlated with the last interglacial (Illi nois-Wisconsin, Isotope Stage 5; ca. 120 ka; Pardiñas etal., 1996; Tonni & Cione, 1999) . Other Quaternary teeth of C. carcharías have been re ported from paleontological and archaeological sites at Pehuencó, Santa Clara del Mar, Centinela del Mar, and Cañada de Arregui in eastern Bue nos Aires province (Cione, 1983; Arratia & Cione, 1996; Cione & Bonomo, 2003; Fig. 3) .
Teeth of C. carcharías are frequently found in early-middle Holocene archaeological sites in the coasts of Rio de Janeiro, Sáo Paulo, Santa Catarina, and Rio Grande do Sul in Brazil (Barbosa & Franco, 1991; Gadig & Rosa, 1996; Fig. 2) . López (1964) recognized three biogeographic provinces in the Atlantic South American coast: West Indian (warm waters; southern boundary at about S 23°), Argentine (warm temperate wa ters; between S 23° and 41-43°) and Magallanian (northern boundary at S 41°-43°; cold temperate waters; Fig. 3 ). Balech (1964) provided a more complex biogeographic pattern. However, Balech also considered the Argentine and Magallanian Zoogeographic Provinces, with the boundary be tween them slightly located to the south of that of López (1964) . Some other authors considered that the Rio de la Plata is an important biogeo graphic boundary (eg. Knox, 1960; Briggs, 1974) . However, most local authors agree that the Ar gentine province continues to the south of the Rio de la Plata because many northern taxa oc cur off the Buenos Aires province, and even the Rio Negro and Chubut provinces (see Menni, 1983) .Confirming this biogeographic pattern, the southernmost known range of Carcharodon carcharlas is at the latitude of southern Buenos Aires province (in the Argentine biogeographic province) and consequently it has not been re ported from the Magallanian biogeographic prov ince (see below).
SOUTHERN SOUTH AMERICAN BIOGEOGRAPHY

HABITAT AND DISTRIBUTION OF CARCHARODON CARCHARIAS
Carcharodon carcharías is primarily a coastal and offshore inhabitant of the continental and insular shelves worldwide (Compagno, 1984) . The great white shark often occurs close inshore to the surfline and even penetrates shallow bays in continental coastal waters, but also prefers off shore continental islands (Tricas et al., 1997; Compagno, 2001 ; see papers in Klimley & Ainley, 1996) .
Not-withstanding their wide distribution, C. carcharías is rare in almost all seas, with the exception of some areas such as southern Aus tralia, California, and South Africa (Soto et al., 1998; Compagno, 2001) . Catches in some areas have been as many as 50 to 100 per year (South Australia and South Africa) in the past but mostly less in others (Compagno, 2001) . It is unknown in many warm and temperate regions notwith standing that water temperature could be suit able for this species. In spite of the fact that the great white shark ranges from cold and warm temperate areas, there are enough tropical con tinental and oceanic records to suggest that at least larger individuals have a wide temperature range and penetrate at will into the tropical stronghold of carcharhinid sharks (Compagno, 2001) .
Catch data indicate that C. carcharías toler ates sea surface temperatures ranging from 7.5°C to 25°C in the Mediterranean, but few records were reported in waters above 23°C (Fergusson, 1996) . Casey & Pratt (1985) noted that the 15°C value is an important threshold for great white shark movements in the western North Atlan tic, and Cliff elal.í 1989) considered that the 26°C isotherm was at the upper range of tolerance for this species. Accordingly, white sharks are more common when water temperature is over 14-15°C in the Monterey bay in California (Compagno, 1984) . Conse-quently, the species seems to be most frequently encountered in temperate wa ters of an isotherm belt of approximately 15-23°C in different parts of the world.
In southwestern Atlantic, C. carcharías was reported from Acarad (S 2° 56'; Estado do Ceará; Brazil; Soto et al., 1998) to Puerto Quequén (S 38° 30', Buenos Aires province, Argentina; Siccardi et al., 1981) . Only four individuals were published form Argentina (Siccardi et al., 1981; Soto et al., 1998) Rivadavia," Buenos Aires, a jaw in exhibition at the Estación Hidrobiológica, Puerto Quequén, Buenos Aires province). Finally, Javier Corcuera observed a juvenile specimen in Puerto Quequén in the spring of 1989.
In Brazil, only 15 individuals were certainly been reported (Gadig & Rosa, 1996; Soto et al., 1998) . New data provided by O. Gadig raised the number to 24 for Brazil (Moraes, 2000) . Records from Uruguay are unclear (Ximénez, 1962; Carrera, 1991) . In a handicraft fair at La Paloma (Uruguay), the author of this paper examined a jaw of an individual supposedly caught in the area. In the southwestern Atlantic, four reports of attacks of C. carcharías to humans and ce taceans were published (Siccardi et al., 1981; Soto et al., 1998) . The attack to a man in Miramar (Argentina, 1954) was documented by means of a tooth (Elvira Siccardi, personal communi cation). Consequently, there seems to have been at least 20 certain and more than 10 less prob able white shark occurrences might be acknowl edged in southwestern Atlantic waters during the XX1 h century.
PINNIPEDS IN THE AREA
Pinnipeds and small cetaceans have been con sidered the main food item for adult C. carcharías individuals (Longetal., 1996) . Actually, there are very few regions in the world that support white shark populations without a corresponding pinniped population (Ellis & McCosker, 1991; Francis, 1997) . The fossil record confirms this association of C. carcharías with abundant pinnipeds (and cetaceans) in several Cenozoic localities such as those of the Pliocene of Chile and Peru (de Muizon, 1981; de Muizon & DeVries, 1985; Long, 1993; Purdy, 1996) . Compagno (2001) suggested that pinnipeds are an especially im portant prey where they are together, especially at seal colonies where pinnipeds are highly vul nerable. However, large white sharks also catch large teleost fishes, sharks and rays, birds, dol phins and marine reptiles, and are presumably capable of subsisting on such other small prey, in areas where seals are uncommon or absent (Compagno, 2001) .
Pinnipeds include more than 30 species, di vided into three families. In central Argentina, Uruguay and Brazil, the Family Otariidae in cludes the fur seal Arctocephalus australis and the sea-lion Otaria flavescens, and the Family Phocidae includes the sea elephant Mirounga leonina. Global pinniped distribution is greatly determined by temperature. As general guide, the 20°C summer isotherm in either hemisphere, where it approaches to continental coasts, forms a reasonable pointer to the limits of where one might expect to find seals (King, 1964) . However, there are excep-tions (e.g. the Monk Seals).
White sharks appear to exhibit an age/size preference for certain foods. This developmen tal diet reveals a preference for fish in the juve nile white shark (Compagno, 1984) . As they in crease in size the diet will shift to include other sharks, rays and marine mammals. C. carcharias specimens larger than 3 m total length are ap parently attracted to regions were pinnipeds are common: Great Australian Bight (Tricas et al., done & Baria: Current and present López ( 1964) are also depicted.
1997) ,
California (Compagno, 1984; Anderson et al., 1996; ; see also Carey et al., 1982) , and South Africa (Tricas et al., 1997) . In California, most shark-bitten pinnipeds were con centrated near haul-out sites (Longed al., 1996) . At least in California, prey density appears to strongly affect the distribution of sharks .
DISCUSSION
Abundance in southwestern Atlantic
In contrast with their present rarity, the great white shark occurs frequently in Pleistocene and Holocene beds of the Buenos Aires province (Ar gentina) and Brazil, including archaeological sites. Remarkably, Quaternary records of large sharks that are common today in the Argentinean Zoogeographic Province, such as the odontaspidid Carcharías taurus and different species of the carcharhinid Carcha-rhinus, are sparse in Argen tina.
During the last Interglacial (Illinois-Wiscon sin, Isotope Stage 5; ca. 120 ky BP) and the Hypsithermal (ca. 7 to 5 ky BP) the sea rised due to higher temperatures that provoked marine transgressions (Petit et al., 1999; Hodell et al., 2001) . Isotopic studies (13C and 18O) confirmed that during the deposition of the Holocene ma rine beds in eastern Buenos Aires province (Las Escobas Formation; Flandrian transgression, Early-Middle Holocene) water temperature was higher than at present (Aguirre, 1993; Aguirre & Leng, 1996; Aguirre & Zanchetta, 2000) . It seems that the higher temperatures were not an obstacle for the relative abundance of C. carcharías in Brazil and Argentina during the late Pleistocene and, especially, the Holocene.
In southwestern Atlantic Ocean, the optimal temperatures for C. carcharías quoted above are now found between the latitude of Bahía Ca marones (S 44° 45'; 15°C isotherm in summer) and to the north of Rio de Janeiro (S 22° 53'; 20°C in winter; Knox, 1960; Garcia, 1992; Figs. 2, 4) . However, there are very few records of these sharks in the northern part of this region and none in the southern part at present (Patagonia, see below).
Summer temperatures (and type of coast and water transparency) in Uruguay and Buenos Aires province coasts are surely adequate for the presence of C. carcharías (see above) and there is no reason to suppose that there are no suit able nursery areas for C. carcharías in the re gion. Embryos, new born, pregnant or post partum white sharks have been reported in New Zealand, Australia, Taiwan, Japan, South Africa, the north-east Pacific, the north-west Atlantic and the Mediterranean Sea (Casey & Pratt, 1985; Fergusson 1996) . Therefore, parturition probably occurs in many different, mostly temperate, lo cations world-wide (Francis, 1997) .
Specimens of C. carcharías were caught at the end of spring and in summer in Argentina (Siccardi et al., 1981; Soto et al., 1998) . Moreo-ver, summer (and in part winter) water tempera tures in the area do not differ from those present in southern Australia and even in South Africa where the species is fairly common (Fig. 4) .
We suggest that the probable cause of the present rarity of C. carcharías should be the fall ing numbers of pinnipeds (and cetaceans) in our coasts. Certainly, pinnipeds were much more abundant in Argentinean and Uruguayan coasts in the past, but were depauperated by human hunting (see King, 1964; Rodríguez & Bastida, 1998) .
In the Holocene, they were abundant in the coasts of Argentina and Brazil where they were moderately hunted by natives (see Bryan, 1978; Bayón & Politis, 1996) .
Sealing activities began in Uruguay in the XVIth century, but commercial harvests in the southwestern Atlantic began later. During the last 200 years, at least 3 million animals were killed there. The XIXth century was character ized by intensive exploitation and the uncon trolled harvests during the last quarter of this century made almost all populations become nearly extinct (Ximénez, 1964; Rodríguez & Bastida, 1998) . By the turn of XIXth century, the small number of seals in the southwestern At lantic would have not been able to sustain prof itable commercial harvests (Allen, 1899 fide Rodríguez & Bastida, 1998) .
Pinnipeds were apparently extermi-nated at the Buenos Aires province coast. The more suit able site for pinnipeds in that region appears to be the Mar del Plata area (Rodríguez & Bastida, 1998) . There, Francis Drake in 1578, and Juan de Garay in 1581, found huge seal colonies. How ever, the last reference of seal individuals inhab iting the area previous to more recent times was in 1895 (Rodríguez & Bastida, 1998) . A summary of the theoretical populations sizes of pinnipeds in the area near Mar del Plata, calculated accord ing to available terrain in relation to seal den sity values recorded in similar habitats, indicates that Arctocephalus australis could have reached a maximum of 165,000 animals, Otaria flavescens of 88,000 animals, and Mirounga leonina of per haps 2500 individuals (Rodríguez & Bastida, 1998) . During the 1960 's, after sealing activities ceased in Patagonia, sea lions gradually began to settle themselves inside the harbour of Mar del Plata and now there is a colony of 600-700 indi viduals therein and a small colony of fur seals was formed in the Punta Mogotes area (Ro dríguez & Bastida, 1998 Knox, 1960) .
abundance of fur seals and a minor number of sea lions in some rookeries (Páez, 2000) . As for Argentina, pinnipeds have been strongly ex ploited (only from 1873 to 1900,454,500 individu als were killed in Uruguay; Ponce de León, 1999) . By the mid of the decade of 1940, populations of sea lion and fur seal populations were greatly depauperated (Ponce de León, 1999 Ximénez, 1964; Ponce de León, 1999) . In the past, there were pinnipeds in many other loca tions (Ximénez, 1964) . At present, Isla de Lobos includes more than half of all individuals occur ring in Uruguay (about 300,000). Water salinity is relatively low in the Isla de Lobos, which is located in the mouth of the Rio de la Plata (aver age salinity on surface 1981-1987: about 25%t; Cousseau, 1985; Bazán & Arraga, 1993) . This factor might be related to the absence of C. carcharías in this location. Attacks to pinnipeds are rare in the San Francisco Bay and attribute it to the low salinity of the bay which may deter the presence of white sharks therein. During the late Pleistocene and Holo cene transgre-ssions, salinity was much higher in the Rio de la Plata area (Cavallotto etal., 1999; Martinez etal., 2000) what explains the presence done & Baria: Current and present distribution of white shark 181 of C. carcharías in the present coast of the fresh water sector of the Rio de la Plata (Cione & Torno, 1988) .
In Patagonia there are several rookeries and the largest number of pinnipeds occurs in the high latitudes of southern Patagonia and Malvinas (Falkland) Islands (Ximénez, 1964) . Temperature in Patagonian coasts ranges from 4-8°C in winter to 8-18°C in summer (Garcia, 1992) and could be not as suitable for white sharks as those of more northern waters.
At present, in Patagonian coasts, the only pinniped predator is another mammal, the killer whale or orca (Orcinus orca). The orca is a for midable predator that attacks pinnipeds not only in Patagonia but in south Atlantic islands, Ant arctica and many other parts of the world. Re markably, it has been suggested that there may be predation displacement between the orca and white shark (Pyle etal., 1999) . The relative abun dance of this cetacean could also contribute to the absence of the white sharks in waters of the Atlantic part of the Magallanian biogeographic province where killer whales are more abundant.
Another food item for C. carcharías is ce taceans. Where there are concentrations of cetaceans, large white sharks will actively hunt small cetaceans and scavenge on available car casses of larger species . As pinnipeds, cetaceans were much more abundant in Argentinean waters in the past than today (Chebez, 1994) . Cetacean bones are frequently recorded in the late Pleistocene and Holocene marine beds in eastern Pampean region. Conse quently, before recent times there were a greater number of carcasses available. Gadig & Rosa (1996) attribute the occurrence of C. carcharías in Cabo Frio to the presence of cooler waters related to a coastal upwelling. Bra zilian reports of C. carcharías are scarce and there are very few records from tropical regions such as the Estado de Ceará (Soto et al., 1998) . Individuals reported from Brazil are mostly large, but both fossil and recent records from Argen tina correspond to relatively small individuals (probably less than 3 m total length). Compagno (2001) suggested that smaller individuals maybe mostly restricted to temperate continental seas. All the specimens quoted by Siccardi et al. (1981) from the Buenos Aires province are < 3 m total length. This feature could be related to the south ern range in distribution.
Consequently, present evidence suggests that the unrestricted hunt of pinnipeds and cetaceans could have had a secondary effect on the abun dance of the white shark in southwestern Atlan tic. Actually, the white shark has a rather low intrinsic rebound potential (Smith et al., 1998) and it also has typically small, localised po pulations. All this suggests that fishing of any kind should be extremely cautious (Bonfil, 2000) . The white shark is the most widely protected shark species in the world. White sharks are also protected by law in several regions such as South Africa, Namibia, Maldives, Australia, the Medite rranean, and part of the United States (Bonfil, 2000) . Moreover, it is considered a threatened species by the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES; see also Tricas et al., 1997) . Compagno (1984) and Last & Stevens (1994) made maps depicting the distribution of C. carcharías as ranging to the Golfo de San Jorge in Patagonia (about S 46°; Fig. 1 ). Compagno (2001) extends the "certain" distribution even further, to the latitude of the Cabo San Francisco de Paula (about S 49° 30'). However, we do not know of present reports of C. carcharías in the western Atlantic Ocean south of S 38° 30' (Puerto Quequén, Buenos Aires province), that is approxi mately 1150 km to the north of the Cabo San Francisco de Paula (Siccardi et al., 1981; Cione, 1983; Soto et al., 1998;  Fig. 3 ). In the eastern Pacific Ocean coast, C. carcharías ranges south ward to central Chile, where it seems to be rare (Roberto Meléndez Cortés, personal communi cation).
Southernmost distribution
A fossil tooth of C. carcharías found at Pehuencó, southern Buenos Aires province (S 38° 56'; Cione, 1983) coming from Quaternary ma rine sediments is the southernmost report in the southwestern Atlantic.
